This paper examines the role of market price information dissemination on the co-integration of grain market prices in Northern Ethiopia. Results are based on bi-monthly retail price data on wheat and teff commodities collected from six markets in the Tigray region of Northern Ethiopia. The data has 55 observations for each of the two crops in each of the six markets ranging over a period from May, 2006 to October, 2008. Johansen's co-integration test reveals that most markets are co-integrated in wheat and teff retail prices. However, there is an indication that retail prices at Abi-Adi, a town located relatively farther away from the main asphalt road is less integrated to other markets. This implies that, in addition to market price information dissemination, other infrastructural developments like road networks are crucial for spatial market integration through the physical transfer of goods from one market to another.
INTRODUCTION
Markets play important roles in facilitating the exchange of goods and services and can be welfare enhancing for actors engaged in the exchanges. Markets also provide signals about the true cost of resources and guide allocation to their best use. In addition to signals about the value of resources, integrated markets could help in equalizing the value of a resource across space after accounting for transfer costs between markets (Baulch, 1997) . In most cases, agricultural markets in developing countries are not well integrated due to lack of well developed infrastructure and market institutions that facilitate the easy flow of goods and information between markets (Minten, 1999) . Majority of the rural agricultural markets in Ethiopia share this feature. Under such circumstances, rural markets may not be able to make quick adjustments to price shocks occurring in neighboring market. Recently *Corresponding author: E-mail: m.jaleta@cgiar.org. Tel: +251 11 617 2309. Fax: +251 11 6172001.
the Tigray Agricultural Marketing Promotion Agency (TAMPA) introduced a market price information dissemination process using local public media in the Tigray region, Northern Ethiopia. TAMPA collected agricultural market prices from 10 markets on 15 agricultural commodities including wheat and teff. The price information was analyzed at TAMPA head quarter in Mekelle and transmitted to the public via local radio regularly. It is believed that such initiatives contribute towards creating the 'Rule-of-one-Prices' through a better co-ordinated and integrated markets. So far, studies on grain market integration in Ethiopia are mainly focusing on how the regional market prices are co-integrated to the central grain market prices in Addis Ababa (Negassa, 1998; Dercon, 1995; Getnet et al., 2005) . Such studies are relevant since the Addis Ababa grain market is the core in grain price determination. However, fewer attempts are made in trying to examine how local markets are cointegrated and adjusting to price shocks in their neighboring markets or to their immediate regional market. Such analysis is helpful in identifying the level of integration of local markets with each other and identifying factors that re-quire attention in order to improve integration at regional level. This paper is, therefore, aimed at analyzing the extent of food crop market integration in the Northern Ethiopia region of Tigray using retail prices.
The remaining part of this paper is organized as follows. First, the empirical framework used in the analysis is presented and followed by description of the study area and data used. Then, empirical results are presented and discussed. Finally, it concludes and gives implications.
PRICE CO-INTEGRATION MODEL
If two markets are said to be spatially integrated, prices in a given market adjust to the price shocks in the other market. This price adjustment between markets may take place through the flow of goods from surplus to deficit areas. Such transfer usually occurs when the observed shocks are able to cover the transfer cost of goods from one market to the other. Even if prices in the two markets are co-integrated, sometimes one may not know prior the direction of price adjustments taking place between these markets. Granger causality test could show how the lagged prices in one market could affect prices in the other market (Granger, 1969; Engel and Granger, 1987) . However, this test does not give how long the effect of a given price shock in one market might take till the price in the other affected market adjusts to equilibrium. In such a case, it is advisable to use Vector Error Correction Model (VECM) since it estimates the adjustment parameters to the long-run equilibrium (Meyer, 2004) . These well known methodologies are briefly discussed subsequently.
Granger causality test
As indicated earlier, Granger causality test could give a clue on the existence of potential causality and direction of causality between prices in different markets. Granger causality between prices of two markets A and B is specified as: 
Vector error correction model specification
If commodity prices at all markets follow an integrated process of order 1, that is, I(1), vector error correction model that accounts for trends and a constant term is specified as:  is a parameter of trend and  is a constant term. Here, one should note that since the VECM equation specified earlier is based on first differences, the constant implies a linear time trend in the differences, and the time trend ( t  ) implies a quadratic time trend in the levels of the data (StataCorp, 2007: 364) . 
Estimation procedure using VECM approach
A three stage procedure could be followed to test for a price co-integration between or among markets and estimate the adjustment parameters using VECM. In the first step, using the augmented Dickey-Fuller (ADF) unit root test (Dickey and Fuller, 1979) , the series of commodity prices in different markets are tested for stationarity. ADF test for a stationarity with a linear time trend (t) is specified as:
where  ,  ,  and  are parameters to be estimated using OLS method. The null hypothesis to be tested for unit root is 0 :
. For a data with T observations, the maximum number of lags ( max k ) to be included in the ADF specification could be set using Schwert (1989) method, which is specified as:
Once the stationarity is confirmed, the number of maximum lags to be included in the co-integration test or the co-integrating VECM estimation is identified. Though, there are a number of criteria that could be used in selecting the lag orders, Akaike Information Criterion (AIC) is the most common one.
Using the selected lag orders, the method of Johansen (1988 Johansen ( , 1991 was applied to test the existence of cointegration between or among a series of market prices. The Johansen's co-integration method rejects the null hypothesis of no co-integration (r = 0) when the loglikelihood of the unconstrained model that includes the co-integrating equations is significantly different from the log-likelihood of the constrained model that does not include the co-integrating equations. If the commodity prices in all markets are integrated process of order 1 I(1), but not co-integrated, then the coefficient matrix  becomes a zero matrix and thus, has rank zero. Johansen's co-integration test gives the number of ranks (that is, the available co-integration equation vectors). If there is a vector of co-integration equations identified from this test, the existence of co-integration between/among the markets is confirmed and estimates of the co-integration equations are also obtained. After the co-integration test, the VECM is estimated to obtain the adjustment parameters to the long-run equilibrium. 1 However, inferences on the adjustment coefficient estimates ( ˆ) are dependent crucially on the stationarity of the co-integrating equations. Thus, the model specification should be checked for stationarity. Finally, an impulse-response graph can be plotted for selected market prices to examine virtually whether a price shock in one market has either a permanent or transitory effect on the prices in other markets.
STUDY AREA AND DATA DESCRIPTION
Grain market price data used in this study was collected by the 1 Recent studies criticize conducting market integration analyses without accounting for transaction costs (Barrett, 2001; Barrett and Li, 2002; Meyer, 2004, among other) . Meyer (2004) argued that Threshold Vector Error Correction Models (TVECM) can account for the effects of transaction costs in price transmission analysis. However, due to the limited number of price observations we have, we could not use the TVECM, though, more appropriate. Therefore, we are cautious in interpreting the adjustment parameter estimates in this study. We focus more on the direction than the magnitude of adjustments between markets.
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Tigray Agricultural Marketing Promotion Agency (TAMPA) on bimonthly basis from selected ten market towns in Tigray Regional State of Northern Ethiopia. Based on the completeness of price data over the study period, retail prices of wheat and teff crops in six market towns (Abi-Adi, Alamata, Axum, Hawzen, Maichew and Mekelle) were considered in this analysis. Geographical locations of these selected market towns and road networks connecting them with each other are presented in Figure 1 .
There are a total of 55 retail prices for each commodity in each It is difficult to judge on the kind of relationship between commodity retail prices in different markets based on Figures 2 and 3. There is no clear indication that a given market may always have higher or lower prices. The way these markets respond to shocks in a given market is also difficult to analyze visually.
EMPIRICAL ANALYSES AND RESULTS

Stationarity test
Since wheat and teff retail prices in all market towns experienced a visible difference in trend for the two periods, it might be possible that the price data in these two periods may follow a different stationarity process. Baum (2001) argued that the conventional augmented Dickey-Fuller (ADF) test for stationarity may lead to a wrong conclusion especially, if there is structural break in the data. For this reason, the ADF unit root test is applied to the two successive periods and the whole data set. At 5% critical level, results in Table 1 shows that the ADF unit root test could not reject the null hypothesis that the price series are unit root for the two commodities, at all market towns, and across the two specified periods.
Weak exogeneity (Granger causality) test
The Engle-Granger causality test could give some indications for the existence of cause and effect relationships between retail prices in different markets. Accordingly, except for wheat prices in Hawzen, there are weaker Granger-causalities from the aggregate market town retail prices. Relatively stronger causality was seen on wheat retail prices in Axum from all market towns except Hawzen. Two weeks earlier, retail prices in Mekelle market Granger caused wheat retail prices in Maichew, Alamata and Axum markets. Similar effects from Mekelle market was seen on teff retail prices in AbiAdi, Hawzen and Axum markets. However, only Hawzen market Granger caused both wheat and teff retail prices in Mekelle market. Details are presented in Table 2 where only the significant Chi-square values are reported.
Long term price co-integration relationship
First, we tested whether the bivariate co-integration between pair of markets is different for the two distinct price movements in periods 1 and 2. There is consistent outcome to make a general conclusion whether the cointegration of retail prices is different for the two periods (a period with more stable prices and a period with consistently increasing prices). Thus, we shifted to the whole set of retail price observations to test for the long term price co-integration.
The existence of long term co-integration relationship in retail prices for wheat and teff in different markets is tested using the Johansen's method. The number of lags to be considered in each pair of markets tested for cointegration is selected using Akaike Information Criterion (AIC). Johansen's bivariate co-integration test shows that, in the long-run, most of the market towns were cointegrated to each other both in wheat and teff retail prices (Tables 3 and 4) . Table 3 shows that, at 5% significance level, except for the Abi-Adi-Maichew and Alamata-Axum pairs, there is a significant long term cointegration relationship in all market pairs. The lack of co-  test with 2 degrees of freedom (df) for the specific market towns and 10 df for all markets; ***, **, and * significant at 1, 5 and 10% levels, respectively. integration between Alamata and Axum could be due to the relatively longer distance between the two markets. But, that of Abi-Adi and Maichew could be due to the fact that Abi-Adi is located farther away from the main asphalt road passing through most of the market towns ( Figure  1) . At 5% significance level, three pairs of markets were not significantly co-integrated in teff retail prices. These pairs are: Abi-Adi-Maichew, Abi-Adi-Mekelle and HawzenMaichew. Teff retail prices at Abi-Adi market happened to be not significantly co-integrated in two of the three failed pairs (Table 4) . As indicated earlier, this might be due to its geographical location and relatively poor road condition connecting this market town to Mekelle, Axum and other markets. Though not as far as Abi-Adi, Hawzen is also located away from the main asphalt road ( Figure  1) . The Johansen's co-integration test results in Tables 3  and 4 show the long term co-integration relationship. However, they fail to tell the direction of causalities and Trace statistic for a maximum rank (r) of one; * Accept H0 at 5% significance level.
The 5% critical values for the hypothesis H0: r = 0, H1: r  1 and H0: r = 1, H1: r  2 are 18.17 and 3.74, respectively. Thus, trace statistic greater than 18.17 are indicating that there is a co-integration of at least with one rank.
the adjustments made between markets when there are price shocks. To capture the direction of causalities and adjustments, obtaining the VECM estimation results with the estimates of the adjustment parameters is important. Accordingly, Tables 5 and 6 presents estimates of the adjustment parameter ( ˆ) in the VECM specification.
These estimates for the paired markets show how one market adjusts to the long-run equilibrium when the changes in the retail price of its own market or of other markets are too high. For instance, positive and significant values show how retail prices in the adjusting markets are quickly adjusting to the higher price shocks in the other market. On the other hand, negative values show how the higher retail prices in adjusting markets quickly fall back towards the retail prices of the other market (StataCorp, 2007: 369) . Estimated adjustment coefficients closer to the study of Babiker and Abdalla (2009) indicate that the retail price adjustment in a given market is so quick (Rapsomanikis et al., 2003; Babiker and Abdalla, 2009 ). Accordingly, results in Table 5 show that wheat retail prices in Axum market adjust quickly to the higher retail prices observed in all other markets. However, higher retail prices in Axum market is not significantly adjusted back to the lower retail prices in any of these markets. This shows that the wheat retail price adjustment in Axum market is asymmetric. Similar to adjustments in wheat retail prices, except to Abi-Adi market, teff retail prices in Axum adjusted to higher prices in other markets (Table  6 ). However, higher retail price shocks in Abi-Adi and Maichew quickly adjusts back to Axum's level. Teff retail prices in all markets adjusted to Mekelle and Alamata markets whereas Mekelle adjusts only to Alamata market.
Finally, using the whole set of selected markets and the number of lags obtained from the VAR analysis by Akaike Information Criterion (AIC), the Johansen's test for cointegration is implemented. The test shows that there are 3 and 2 co-integrating equations identified for wheat and teff prices, respectively (Tables 7 and 8 ). Apart from the bivariate co-integration analyses discussed earlier, this shows that out of the six markets, there are at least three and two markets that are co-integrated at a time in wheat and teff retail prices, respectively.
Mekelle is a central and economically important town in the region. Taking this into account, whether unexpected retail price shocks happening in Mekelle market may have either a permanent or transitory effect in the remaining markets is analyzed using an impulseresponse graph (Supplementary Figure A1 and A2) . Accordingly, unexpected wheat retail price shock that is local to Mekelle market has a permanent effect in Alamata and Maichew markets. The effect is transitory in the remaining three markets. However, unexpected shock on teff retail prices in Mekelle market has a permanent effect in all markets.
Conclusions
Due to poor infrastructural and institutional facilities, agricultural commodity markets in developing countries are commonly not well integrated. Based on the market price information transmission efforts TAMPA is making, this study is aimed at testing agricultural commodity markets integration in Northern Ethiopia. Analyses results using Vector Error Correction Model (VECM) showed that most of the markets considered under this study are Table 5 . VECM estimates of the adjustment parameters for wheat retail prices.
Variable
Adjusting to integrated to each other both in wheat and teff retail prices. However, retail prices in Abi-Adi market, which is located relatively farther away from the main asphalt road passing through other markets, are found to be less cointegrated to other markets in the long-run. Comparing the two crops, co-integration is more observed for wheat than teff retail prices. This might be due to the fact that wheat is relatively largely produced in the region while, in most cases, teff is transported to the region from the neighboring regional states. Compared to teff, unexpected retail price shocks in wheat retail prices at Mekelle market have relatively a transitory effect on retail prices in other markets. Teff retail price shocks in Mekelle have more of a permanent effect in other markets. In general, results of this study implies that market price information transmission could help in integrating local markets through adjustments to markets with higher prices, suggesting the role of market information transmission systems. Results also showed that road and transport infrastructure development that facilitate the physical transfer of goods could make a difference in the integration of grain markets. Our results implies that public policies in Ethiopia could play critical roles in facilitating market integration and thereby, market efficiency through the development of agricultural market information systems and road infrastructure. Figure A2 . Impulse-response graph for unexpected teff retail price shocks in Mekelle market.
